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Then if a quantity dQf of heat be withdrawn from the rth part, it follows from above   that a quantity   of at least  d Qr x -~~ will have
to be given   to the   medium,   and hence that  the  maximum amount of mechanical work derivable from dQr is
Moreover, when the volume expands by an amount dVr against the external pressure, the amount of work done is Q?,. — p^dYr. Hence the total differential of the available energy of the system is measured by
dA =      d Qr l - -*i
For equilibrium dA must vanish, giving the conditions Tr=*T^ jpr=jp0, hence the available energy can only be a minimum when the temperature is everywhere TQ and pressure jp0, as is otherwise obvious.
We may take the available energy in this state to be zero since no work can be obtained from the system by the transformations, subject to the conditions under consideration. This does not mean that the system cannot undergo other transformations such as chemical changes, or that further energy cannot be rendered available by a change of external conditions, but merely that our estimate refers to the amount of energy which is available for conversion into work when such extraneous changes are excluded.
Moreover dQr == — TrdSr (dQr represents heat withdrawn whence the minus sign). Hence the integral representing the available energy of the whole system becomes
But by the equations of reversible thermodynamics
Hence the total available energy is
A = - 2f(d U** - r«dS>> + #0
taken from the initial state to the state (TQ9 p0)
.,     where Z7r°, Sr°, Fr° refer to the rth body in the final state (T0, j>0). This expression gives on summation
(84)           A = (U- Ud-Tt(S-80)+3>0(V-ro).
6*ttained its equilibrium state, so that its pressure and temperature are not necessarily the same as those of the medium. Suppose for the sake of simplicity that the system consists of r simple systems characterised "by the suffixes 1, 2, ... r and that the state of the r th part is fully specified by the variables pr> Vr, Tr, Sr, Urj representing pressure, whole volume, temperature, whole entropy and energy, of which only two are independent.s.    At  the   same  time,  it  must   be remembered  that we have  not yet discussed the thermodynamics of the ether, which will be dealt with in Chapter X.
